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Abstract: Young people are distinguished as a social group with the capacity to drive new behaviours
and understandings in today’s society. However, most young people consider that people in charge
of decision-making processes are not addressing their concerns. The WYRED project proposes
a framework for citizen science based on a technological ecosystem to promote the transfer of
perspectives, ideas, and knowledge among young people and decision-makers on issues related
to the digital society. The work goal is to analyse the model proposed through a citizen science
case study centred in identifying the ideas and opinions of children and young people between 7
and 30 years old, concerning gender stereotypes on the Internet. A total of 69 children and young
people from Belgium, Italy, Spain, Turkey, Ukraine, and the United Kingdom have interacted for two
weeks in a private space guaranteed by the defined ecosystem. The results of the analysis of the
interaction between young people and facilitators (with different profiles: educators, researchers and
decision-makers) demonstrate that the use of technological ecosystems to sustain the development of
citizen science projects allows for the improvement of knowledge transfer processes between children
and young people with stakeholders, as well as the analysis of these processes.
Keywords: citizen science; open science; digital society; gender stereotypes; decision making; young
people; technological ecosystem; knowledge management; virtual communities
1. Introduction
The origins of citizen science go back to the beginnings of modern science, where scientists
were citizens, whose source of income was in other professions [1]. At present, citizen science is
associated with the voluntary participation of citizens in scientific research in different fields, although
it is especially linked to the field of natural and physical sciences, whether environmental data,
astronomy or biochemistry [2–5]. There is no a clear definition of citizen science accepted by researchers
and politicians. According to European Union, citizen science is “general public engagement in
scientific research activities where citizens actively contribute to science either with their intellectual
effort, or surrounding knowledge, or their tools and resources” [6]. A large number of authors
consider a citizen science approach focused on involving a dispersed network of volunteers to assist
in professional research using methodologies defined by professional researchers [7]. On the other
hand, some authors propose a citizen science approach in which citizens are not only focused on
the collection of information but also participate more closely in the different stages of research [8].
In particular, Shirk et al. [9] present an approach of citizen participation where the role of the citizen
scientist can vary from defining the need to designing and executing the whole project. According to
the review carried out by Kullenberg and Kasperowski [5], in many cases the citizen science projects are
instead targeted to specific issues of concern, initiated by local communities, which may incorporate
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experts and scientists, but originate outside the academic (or research) institutions and, consequently,
most of their funding structures [10,11].
Furthermore, citizen science is linked to the open science movement. Fecher and Friesike [12]
identify the public school that advocates the idea that science should be accessible to all people, as one
of the five open science schools of thought. Open science is a movement that aims to make scientific
research accessible to all citizens. It is closely related to or based on the idea of eScience or science 2.0,
which is defined as the application of social web technologies to the scientific process [13].
In this sense, technological development over the past decades has been vital for the emergence of
citizen science [14]. Emerging technologies influence the scientific research process by streamlining
data collection, improving data management, quality control automatization, and streamlining
communication [15]. Likewise, the popularisation of Web 2.0 and the advances related to mobile
devices have facilitated the participation of citizens in scientific projects [3]. Moreover, information
systems research can involve the citizen in scientific processes, improving scientific knowledge and
creating a more informed citizenry on science and technology [16]. These collaborative processes also
foster the exchange of knowledge and a spirit of collaboration that helps societies to become more
sustainable [17].
Organizationally, many local governments are beginning to realise that they need the input of
their citizens to govern their cities. Starting to work with critical citizens is not an easy step, but once
citizens participate in the production of knowledge for decision making, they are more likely to
accept the results and resulting actions [18]. In this participation and collaboration, citizen science can
make significant contributions that deserve the attention of funding agencies and policymakers [19].
Likewise, the direct involvement of the public in research projects exposes them to the scientific process,
so it is also a way to face public scepticism of science when confronted with debates in areas such as
climate change or the use of technology in our lives [20].
In this context focused on decision making and the improvement and sustainability of societies,
most assume that young people have limited power or impact; they cannot vote or do extensive
volunteer work, generally do not put pressure on policymakers, and do not make important decisions
about buying a home [21]. However, in the last century, young people have distinguished themselves
as a distinct social group, as drivers of new behaviours and perspectives [22,23]. Young people have the
power, the ability and the will to contribute as a group to the sustainability of their environment, as well
as the knowledge to participate in decisions related to the digital society, that is, to use technology
in the different areas of today’s society. Despite this, according to the work “Focus on: Empowering
Young People to Participate in Society” [24] many young people in Europe feel that their concerns
are not addressed by politicians, leaving them aside in the economic and social life of their countries.
Moreover, the last Eurobarometer survey dedicated to European youth shows that 57% of the young
feel that “in their country young people have been marginalised and excluded from economic and
social life” [25].
The European project WYRED “netWorked Youth Research for Empowerment in the Digital
society” focuses on involving young people in international social dialogues in order to know their
ideas and opinions, and to promote the design and development of participatory research projects
that allow them to address issues related to the impact and use of technology in today’s society [26].
European society faces myriad challenges. Many of the challenges faced by the European society
are influenced by digital technologies, and they affect the lives of those who are young at present.
It is natural and ethical to ensure their participation in reflection on the issues that affect their future.
The WYRED approach aims to help young people to explore their concerns and voice their perspectives
in relation to the digital society. This is not however an easy undertaking; the current marginalisation
and disengagement that young people feel is partly due to the fact that their views have not been taken
sufficiently into account [25]. The ways in which research is carried out also can contribute to the lack
of involvement. Frequently, the research process is owned and framed by others.
Sustainability 2020, 12, 1863 3 of 16
The WYRED project proposes a framework for citizen science based on a technological ecosystem
that makes possible to establish transfer cycles between young people and decision-makers on issues
related to the digital society. This framework aims to engage and involve young people in the definition
of sustainable models for future society, not only to express their views, but also to be directly involved
in the framing and design of the research process, in order to ensure that the issues explored are
relevant to them apposite. Most citizen science projects offer minimal possibilities for communication
and interaction between researchers and citizen scientists [27]. Generally, the communication support
is focused on the interaction between the volunteers. Technological ecosystems allow establishing
learning ecologies in which access to information is unrestrained, experiments and failures are tolerated
as part of the innovation process, and knowledge is shared and transparent, allowing for co-creation
and recreation by others [28].
The present work aims to demonstrate that the use of the WYRED framework based on a
technological ecosystem and a validated methodology sustain the development of international citizen
science projects and supports the knowledge transfer processes between children and young people
with stakeholders. In particular, the work addresses the analysis of the framework for citizen science
through a case study supported by a technological ecosystem focused on facilitating communication
between the different profiles involved in the process. This case study tackles gender stereotypes
in digital society from the perspective of children and young people between the ages of 7 and 30.
According to the results, the framework has facilitated the process of defining and initiating a large
number of research projects that serve as seeds for establishing larger projects, either by the participants
themselves or by other young people interested in continuing the work, thus facilitating an open
science process mediated by the WYRED methodology and ecosystem.
2. Related Works
The goal of the WYRED framework is to involve children and young people in international
social dialogues in order to know their ideas and opinions through the definition and development of
citizen science projects that allow them to address issues related to the impact and use of technology in
today’s society.
According to Kullenberg and Kasperowski [5], citizen science has gained an unprecedented
presence in scientific literature during the past decade, although the practice itself is much older.
They carried out an analysis of 1935 papers retrieved from Web of Science focused on citizen science.
Also, Follet and Strezov [20] carried out an analysis of 1656 works about citizen science extracted from
Scopus and Web of Science. Both studies provided an overview of the current situation of citizen
science from a research context point of view. Regarding the aim of this work, Follet and Strezov [20]
analyse the classification of [29] who identifies a type of citizen science projects developed as education
projects that are often performed in the classroom or school grounds as part of the science curriculum,
such as [30–33].
There are works about citizen science projects with children and young people at school level in
which the projects involve several schools in the same region. For example, Locritani, Merlino and
Abbate [34] involved students aged 16–17 years from four different high schools located far from the
coast in Northern Italy. Also, in Europe, [30] involved 16 schools from Vienna and Lower Austria for
two years. Other experience in Australia involved students aged 9–12 years from six primary schools;
the students did not interact between schools; they only were involved as volunteers to collect data [33].
On the other hand, Trajber et al. [35] propose an approach based on citizen science and participatory
action research in which scientists, researchers, teachers and young people from different schools in
a Brazilian region work together to articulate and act upon the complex processes that characterise
social, political and environmental issues.
Although there are several works related to involving young people in citizen science projects,
the research questions and objectives are defined by scientists, researchers or teachers; the students
do not choose the activities [30,33,34,36]. In other cases, they involve the students in some parts of
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the research definition, but not in the research objectives definition. For example, Frigerio et al. [37]
both the pupils and their teachers were directly involved in generating the questions of the survey
applied in the second phase of the citizen science project. Moreover, according to the review carried
out by [33], the school-based citizen science projects fail because the science was not tailored to engage
students to collect quality data, or the educational and engagement aspects were over-emphasised at
the expense of data integrity.
Regarding the topics covered by the analysed words, most of the school-based citizen science
projects are focused on natural science - climate change, wildlife, marine litter, pollution–[30–37].
Only Magnussen, Hamann and Stensgaard [38] are focused on projects related to improving the quality
of life in the neighbourhoods in which the school is located. None examples are focused on issues
related to technology.
3. Materials and Methods
3.1. Technological Ecosystem Metamodel
Technological ecosystems [39–44] are considered a variant of software ecosystems [45,46] in
which people are an inherent part of the ecosystem. Users are part of the processes of definition and
development of ecosystems, not only in the phase of obtaining requirements [47] or as final users, but as
a critical component in complex systems [48,49]. According to Mens et al. [50,51] the technological
ecosystems share some characteristics with the natural ecosystems. In particular, García-Holgado and
García-Peñalvo [52] define the technological ecosystems as a set of users and software components
connected between information flows in a physical environment that provides support to those flows.
This type of solutions allows supporting knowledge management processes in heterogeneous
contexts, from companies to organisations and public institutions. The ecosystems that establish among
their main objectives to support learning processes, regardless of whether it is formal, non-formal or
informal learning, allow the establishment of learning ecologies, learning environments with a strong
interactive component that allows the exchange of knowledge both formally and informally.
The definition of this type of solution poses a set of challenges that have been addressed from
software engineering through the definition of two metamodels that encompass the knowledge acquired
through the definition, implementation and evolution of a wide range of technological ecosystems
focused on knowledge management and building learning ecologies. First, a metamodel that provides
the necessary guidelines to define the technological ecosystem from a conceptual point of view
(available at http://bit.ly/2X1h4YD) and, on the other hand, a metamodel that supports technological
and methodological decision-making when implementing the ecosystem in a real context (available at
http://bit.ly/2WhOaXf). Both metamodels have been validated through a process based on automatic
checks in order to avoid possible biases introduced by the researchers [53]. Likewise, from the point of
view of Model Driven Engineering (MDE), the quality of both metamodels has been validated using
the framework proposed by López-Fernández et al. [54].
3.2. WYRED Ecosystem
This proposal is part of the WYRED initiative, a European project funded under the Horizon 2020
programme whose main objective is to involve young people in issues related to the digital society,
so their opinions and ideas are taken into account by decision-makers at all levels of society, with
particular emphasis on technology-related issues. For this purpose, during the three years covered
by the project-November 2016 to October 2019-the definition of a framework has been considered
in which young people can express themselves and explore their ideas and interests related to the
digital society through social dialogues, both face-to-face and online, and research projects based on
the citizen science approach that involves participants in all stages of research [9].
The WYRED ecosystem was born as a solution, not only from a technological but also from
a methodological point of view, to build a learning ecology that allows the transfer of knowledge
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between young people, researchers and decision-makers. The main objective of the ecosystem is to
provide the necessary tools for supporting the communication and interaction between stakeholders
ubiquitously and asynchronously, which facilitates the development of citizen science projects at an
international level, so that young people, educators, researchers, and decision-makers from different
countries are involved in such projects.
The definition of the WYRED ecosystem was based on the proposal of metamodeling for the
definition of technological ecosystems focused on knowledge management. In particular, the developed
ecosystem is composed of a set of Open Source software tools [55] connected through information
flows to provide the necessary support to the people involved in the project. The WYRED methodology
allows defining the interaction between the different components of the ecosystem where components
are both the technology and the human factor.
The WYRED Platform, the tool for surveys and evaluation, and the project’s public portal are the
primary services offered by the ecosystem and where most of the interaction related to the definition
of citizen science projects takes place (Figure 1). On the one hand, the Platform provides a fully
private space for interaction with strict privacy policy and robust security measures which aim to allow
children and young people to express themselves freely and openly on issues related to the digital
society. On the other hand, the public portal gives visibility to the citizen science projects developed
within the Platform and, besides, provides the ways for other young people interested in the issues
addressed in the project to join the activities developed within it.
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3.3. Methodology
The WYRED methodology is based on the Action-Research methodology [57]. Specifically, it is
structured in three Action-Research cycles, or research cycles according to the nomenclature used in
the project, one per year of the project. An infographic of the WYRED methodology is available on [58].
The aim has been to improve the transfer process between young people and interested persons from
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different backgrounds. During each of the cycles, the WYRED ecosystem has evolved according to the
changes introduced in the methodology. Each cycle consists of four phases:
• Phase 1. Preparation. It begins with a consultation phase involving outreach and participation and
a process of social dialogue. In this initial step, children and young people are brought together
and facilitated to discuss the issues and concerns of the digital society, using age-appropriate
facilitation techniques and tools.
• Phase 2. Dialogue. The results obtained in the previous phase lead to the second phase of the
research definition. Through the articulation of research questions, children and young people are
again supported to consider key issues in greater depth.
• Phase 3. Research. The next stage in the process is focused on action. The research questions
are articulated as research projects. These projects, developed within the framework for citizen
science, can cover different methodologies and formats when presenting the results.
• Phase 4. Evaluation. In the last phase of the research cycle, the analysis of the projects is carried
out. Children and young people seek to interpret their work, their answers. At each stage,
children and young people have the opportunity to present their analysis and critique of the
online environment in which they interact and develop projects.
Within each of the phases that make up the WYRED research cycles, different methods and
techniques have been used to achieve them. During the first phase, a set of social dialogues with
children and young people to identify their issues and concerns of the digital society. The results of the
social dialogues were used as an input to carry out a Delphi study to identify and prioritize key areas
of interest for children young people, and to provide additional insights regarding their involvement in
decision making related to their concerns, attitudes and perceptions [59]. In particular, two instruments
were used, one for children and young people, and another one for relevant stakeholders. At the
end of this phase, fifteen topics were selected: self-image, self-confidence; tolerance to different
cultures/opinions; necessary changes in education; causes of stress among young people; employment
prospects; cyber-bullying, shaming; internet safety & privacy; gender stereotypes/discrimination;
integration of migrants/refugees in schools and in the society; adult misunderstandings of young
people; reliability of information on the Internet and social media; roles of parents, friends and
peer groups; environmental problems (e.g., pollution); crime; mental wellbeing. According to the
recommendations of the external experts who evaluate the WYRED project, a subset of these topics
was selected and reorganized into subthemes to validate the framework under the scope of the theme
“life in the digital society”. In particular, the subthemes were: (1) self-image and its presentation online;
(2) gender discrimination and differences online; (3) internet safety, cyberbullying and online abuse; (4)
living on social media, living with stress; (5) fake news and media literacy; (6) digital participation
and activism.
Regarding the second phase, the dialogues are conducted face-to-face (local dialogues), fully
online (international dialogues), or a blended version in which the dialogue starts in person and after
online to interact with people from other places. In this phase, the facilitators, both face-to-face or
online, define activities to engage children and young people in the definition of the research questions
to be answered during the third phase. The techniques and methods used during the research phase are
selected by the children and young people involved directly in the project, with the advice and support
of the facilitators. Finally, the evaluation phase uses qualitative methods to collect feedback from
children and young people involved in the citizen science projects. In particular, participant observation
and focus groups. Moreover, the facilitators also conduct interviews with their stakeholders, including
principals, teachers, youth workers and others acting as gatekeepers in the formal and informal sectors,
where WYRED is applied.
Furthermore, inside each research cycle, several case studies were conducted to test the different
phases with children and young people from different countries, ages, cultural backgrounds, working
in different topics related to the digital society. Through all the case studies during the three research
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cycles participated more than 1700 children and young people. The case study approach offered
additional insights into what gaps exist using the framework in different contexts [60]. Moreover,
the case study method was used previously with children and young people as a way of involving
them in the research [61,62], as well as being part of the process of citizen science that the WYRED
framework proposes.
The case study presented in this paper is developed during the dialogue and research phases in
the third cycle of WYRED research, and it has been selected to exemplify and demonstrate that the
framework works and that it enables the objectives of the framework to be achieved. During the first
two research cycles, the dialogue phase was conducted in person, so that social dialogues involving
young people, researchers and decision-makers were organised in each of the participating countries.
Later, they accessed the WYRED Platform, where they continued the dialogue and carried out the
development of their citizen science projects.
On the other hand, the third cycle of research proposed a change aimed at establishing dialogues at
an international level and promoting the development of projects through the collaboration of children
and young people from different regions and social and cultural contexts. Furthermore, participation
in the project is open to young people from all over Europe, Israel and Turkey, not only those belonging
to the networks of the partners involved in the project.
A programme of international conversations on the different subthemes identified during the
preparation phase was proposed (http://bit.ly/2HUxtIb). Each international conversation was defined
as a case study, so the presented in this work is one of the eight international conversations carried
out from January to September 2019. In particular, authors selected the case study about gender
stereotypes on Internet, because it was the international conversation in which more young people
was involved at the same time, and also because it was the conversation in which the authors were
in charge of its definition. Each international conversation consists of three stages. Firstly, a stage
focused on the definition of the conversation. At this stage, a coordinator and a team are assigned to
define the details of the conversation. In particular, they have to provide the title, a brief description
for dissemination, a set of reference materials, and a series of action points that are used to guide the
dialogue and the project development.
Secondly, once the conversation is defined, dissemination materials are developed to invite
children and young people to participate. The conversation is published using the tools provided by
the WYRED ecosystem, the project’s public portal and the social channels of the project on Twitter,
Facebook and Instagram. Young people, who wish to participate, use a contact form available on
the project’s public portal. After verifying their identity with an email conversation, they receive an
invitation to access the WYRED Platform. This informal validation process is necessary as an additional
measure to keep WYRED Platform as a safe space. In addition, during this stage, the project partners
looked for groups of young people in order to involve them.
The last stage covers the development of the international conversation, which lasts about two
weeks, although the development of the citizen science projects is extended once the guided dialogue
is over. It is important to note that the language used is English.
Regarding the ethical issues, the project protocol was approved by the Ethics Committee of the
University of Salamanca. Furthermore, an Ethics Advisory Board was set up to ensure the application
of the WYRED Participant Protection Policy [63]. In particular, a set of policies were implemented in
the WYRED Platform to manage the informed consent of the participants. The following are the main
measures, although not the only ones:
• Access to registration in the Platform is by invitation and linked to the informed consent procedures.
• The personal data is stored in an off-line database to which only the administrator have access.
It will be only used in cases where abusive or unacceptable behaviour in the Platform.
• Parental consent managed by each institution involved in the project is needed to finish the
registration process of children under 14 years old.
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4. The Case Study
The following case study highlights a typical example of the delivery of the research work phases
within WYRED. Among the issues identified by children and young people during the preparation
phase are issues related to the gender gap and stereotypes in the digital society. In contrast to
biological gender (sex), social gender refers to socially or culturally determined gender roles and
gender relations. These are general ideas and expectations of how women and men are or should be,
such as gender-specific behavioural attributes, interests, competencies or attitudes that are intertwined
with social power relations and hierarchies. Gender stereotypes refer to everything that is considered
typical of a particular gender in a culture, and it is criticised that such stereotypes leave no room for
variety or individuality.
Within the international conversations programme, a conversation has been developed focusing
on sharing opinions and ideas on gender stereotypes on the Internet from the perspective of young
people. This conversation was scheduled to be part of the worldwide activities being held in connection
with International Women’s Day on 8 March. A day to celebrate the social, economic, cultural and
political achievements of women while making visible the need for action to accelerate gender balance
in any field.
The conversation took place within a space configured on the WYRED Platform, a community,
where children, young people, social educators, community managers and facilitators interacted
through forums that allow a combination of text, audio and video. The conversation, coordinated from
Spain with the collaboration of institutions from Italy, Austria and Turkey, was organised in three
actions. First, an exploration activity to identify examples of gender stereotypes on the Internet, both
positive and negative, and share them in the forum “Exploration: gender stereotypes”. Emphasis was
placed on respecting copyright and licenses when sharing images and other contents, so the link to
the original content should always be indicated. Secondly, the young people had to comment and
reflect on the contents shared by other participants in order to establish a dialogue between people
from different social and cultural backgrounds.
Finally, the conversation moved to the forum “How the way we use Internet or technology
influence in gender stereotypes?” to discuss how technology influences gender equality, in the
perception of stereotypes; if the use of technology and Internet is different depending on gender;
if there are differences between the stereotypes found on the Internet and those that can be perceived
in everyday life beyond social networks. Figure 2 shows the open community inside the WYRED
Platform in which the three actions were conducted, and the research projects generated through the
conversation were published.
Regarding the participants, several of the institutions involved in the conversation facilitated a
group of young people in order to achieve a high level of internationalisation. In Turkey, the institution
that is part of the project is a network of private schools that have integrated the WYRED methodology
as part of their academic activities. The teachers and the corresponding educational centres are
responsible for managing the legal permission for children to have access to the WYRED ecosystem.
Parental consent was collected for each child involved in the conversation.
On the other hand, in the case of Spain, the project and the international conversation were
presented to a group of university students of the degree in Social Education at the University of
Salamanca, specifically in a subject focused on qualitative methodology.
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5. Results
A total of 79 people from Belgium, Italy, Spain, Turkey, Ukraine and the United Kingdom
participated in the conversation, of which 69 were children and young people aged 10–28, and 10 were
facilitators of different ages focused on managing and facilitating the dialogues and activities within
the WYRED Platform. All participants communicated in English, using automatic translators when
their English level was not enough. In terms of gender, 91.3% identified themselves with the female
gender, 8.7% with the male gender and no one with non-binary gender or another choice.
Regarding the activity generated by the participants, all developed within the WYRED Platform
in spaces similar to forums, 215 comments were published during the period that the facilitators
guided the development of the conversation (Figure 3), although the activity was extended to three
weeks later, reaching the figure of 274 comments. Besides, the comments not only contain text,
but there are 72 comments containing images, videos and external resources such as news or scientific
publications [64–66].
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In terms of the ideas and reflections shared by the young people during the conversation, there is
a shared view that the media, especially social media and the Internet, not only reflect social gender
stereotypes but also increase them massively through the permanent and global availability of the
web. They have provided many examples of this, such as the ideal of the female or male body, often
sexualised, promoted by influential people on YouTube or on Instagram. There has also been an
interesting discussion about the connection between these stereotypes and cyber-bullying and hate
publications. In general terms, as a group, they reject restrictive gender categories and support the
dismantling of stereotypes and respect for people’s differences and diversity.
Regarding the research projects, the conversation has laid the foundations for the development of
62 research projects, seven developed by children from Turkey, and 55 projects grouped in eight topics
developed by young people from Spain. The projects try to answer the following research questions,
addressing gender stereotypes from different perspectives:
(1) Do social networks promote the stereotypes?
(2) Do teaching learning processes an impact in the stereotypes?
(3) How young people deal with pressure about self-image?
(4) Does Internet influence in sports?
(5) Does social media support the gender gap?
(6) Do stereotypes have an impact in the current society?
(7) Do stereotypes only related to gender or there are stereotypes related to sexual orientation?
(8) Are there gender stereotypes during childhood?
The projects were developed and presented in different formats, from documents to artistic
works or videos. For example, the project entitled “Don’t stay silent! Investigation of the impact of a
patriarchal society on women’s social lives” is a scientific article based on 20 interviews with people in
a Turkish region. On the other hand, the project entitled “Cars for boys and dolls for girls” carries out
an analysis of all the comments made during the conversation in order to obtain relevant conclusions
that can be useful to researchers, educators and people with profiles related to decision-making.
The project “Gender equality on Internet” presents a report in which it analyses different stereotypes
that directly affect equality between men and women. Also noteworthy is the project developed by
young doctoral students under the theme of International Women’s Day, “Balance for Better”, a video
focused on making gender equality in science visible. Likewise, a large group of young people have
produced different posters, both artistic and scientific, to make visible some of the gender-related
stereotypes identified.
The most relevant insights from the analysis of the different projects are:
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(1) Gender stereotypes are part of our lives from the beginning, also when technology is not part of
our lives.
(2) Internet could help to identify stereotypes although also it is a way to strengthen them.
(3) Teachers should aware about stereotypes and they can use the examples available on Internet to
analyse them in the classroom.
(4) There are gender stereotypes associated to the uses of Internet.
6. Discussion and Conclusions
6.1. Contributions to Theory
The literature review conducted about young people involved in citizen science projects shows
that there is a lack of proposals in which young people define the projects and conduct the research [30,
33,34,36]. Moreover, the studies and experiences described in the works published in the last five years
are focused on natural science - climate change, wildlife, marine litter, pollution–[30–37]. Only one
study covers another kind of problems, such as urban problems in a deprived neighbourhood [38].
The WYRED framework is focused on the issues that concern to children and young people, based
on their answers, with a particular focus on technology. Furthermore, citizen science projects with
children and young people only involve one or more schools in the same region. No proposals were
found in which there is international collaboration in the development of citizen science projects, where
children and young people collaborate at a distance employing technology to achieve their research
objectives. In this sense, the WYRED framework allows the involvement of children and young people
in the definition and development of international citizen science projects based on their own concerns.
The combination of the technological ecosystem and the methodology defined and validated during
three years seed the bases to establish a network of children and young people participating actively in
the digital society, providing their own perspectives and ideas through research projects that can be
used by the stakeholders in decision making processes.
6.2. Implications to Practice
Citizens have valuable knowledge that is often beyond the reach of scientists [67], are
knowledgeable about what is happening in their communities and can tell which stakeholders
should be involved [18]. Although young people are part of society and in the last century have
distinguished themselves as a social group, their needs, experience, learning and knowledge have
been neglected [68]. They do not feel involved in setting research agendas or formulating policies that
affect the society of which they are part.
WYRED proposes a learning ecology to promote the transfer of perspectives, ideas and knowledge,
between young people and decision-makers on issues related to the digital society. Young people
take an active part in the research process through a series of cycles in which priority is given to
communication support and interaction between participants–children and young people between 7
and 30 years old, facilitators, educators, researchers, decision-makers.
According to [15], citizen science makes it possible to create a link between science and education
which, when combined with emerging technologies, expands the frontiers of research and public
commitment. In the present proposal, the case study developed on the WYRED ecosystem to find out
the opinions and ideas of young people concerning gender stereotypes in the digital society has made
it possible to analyse the use of technological ecosystems to support a framework for citizen science
focused on involving young people in society.
The results obtained during the case study reflect the methodological changes made over two
years through the Action-Research cycles. It is important to note that the WYRED framework validation
involved more than 1700 children and young people between the different phases and cycles of research.
Regarding the international conversations carried out during the last cycle of research, more than 300
children and young people were involved as participants to validate the framework. The described
Sustainability 2020, 12, 1863 12 of 16
case study was selected because it was the international conversation in which more young people
was involved at the same time, and also because it was the conversation in which the authors were in
charge of its definition.
6.3. Key Lessons Learnt
The results obtained from the case study, mainly the analysis of the interaction between young
people from different regions of Europe and Turkey, and the set of research projects developed from
the online discussions, affirm that the framework has facilitated the process of defining and initiating
a large number of research projects that serve as seeds for establishing larger projects, either by the
participants themselves or by other young people interested in continuing the work, thus facilitating
an open science process mediated by the WYRED methodology and ecosystem. Moreover, a set of
findings emerge from the case study:
• It illustrates that within a group of children and young people, they find a wide range of research
topics to explore, as well as creative means to presenting their research results.
• As identified in previous work focusing on co-creation processes [69], the proper development of
international conversations requires the participation of facilitators - educators or scientists - who
guide the group dynamics.
• The asynchronous communication tools provided by the WYRED ecosystem facilitate
communication in a single language, English, by allowing the necessary time to prepare the
interventions, as well as allowing the use of automatic translators as support in cases where the
written level is low. The facilitator plays a key role in facilitating conversation and avoiding
problems associated with written expression.
• The participation of children between 7 and 14 years old requires the support of their teachers
and, to a lesser extent, of the educational centre, in order to manage the legal permission of
the tutors to register in the WYRED ecosystem and to develop the citizen science projects at an
international level.
• Research projects carried out by children and young people involve a learning process as well
as providing ideas to researchers and decision-makers. Besides, the ecosystem allows giving
visibility to the projects so that other young people can get ideas for future projects.
• The ecosystem provides the context and tools necessary to establish a methodology based on
communication between people involved in research projects in order to achieve international
projects, involving people with different points of view, from heterogeneous social and
cultural contexts.
• Language is a barrier in the development of international citizen science projects, but the use of
asynchronous communication based on the WYRED Platform allows children and young people
use translate tools and other resources to collaborate with people from other countries.
6.4. Limitations of the Research
There are some limitations related to the sample of the case study. Although a wide range of ages
was covered in the selected case study, the description and analysis of the other case studies carried
out during the WYRED projects provides a larger number of children and young people to cover ages
from 7 to 30. On the other hand, the number of men who have participated in the case study is low, but
this problem is repeated during the different phases and cycles of research, so it is also necessary to
balance this figure to know how the proposal works with heterogeneous groups.
6.5. Future Research Directions
Further research might explore the low participation of men in citizen science processes focused
on sharing their opinions and perspective about the (digital) society as a way to involve them in the
decision-making processes. Moreover, the WYRED framework will be tested in other contexts, not only
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in Europe. In particular, another study is being conducted in Latin America to adapt the framework to
different dynamics and cultural contexts, as well as to analyse the development of the research projects
without the language barrier.
Author Contributions: Conceptualization, A.G.-H., F.J.G.-P. and P.B.; Investigation, A.G.-H., F.J.G.-P. and P.B.;
Methodology, A.G.-H., F.J.G.-P. and P.B.; Project administration, F.J.G.-P.; Writing—original draft preparation,
A.G.-H.; Writing—review and editing, A.G.-H., F.J.G.-P and P.B. All authors have read and agreed to the published
version of the manuscript.
Funding: This research was funded by EU Horizon 2020 Programme, grant number 727066 and the
Spanish Government Ministry of Economy and Competitiveness throughout the DEFINES project grant
number TIN2016-80172-R.
Acknowledgments: With the support of the EU Horizon 2020 Programme in its “Europe in a changing world
– inclusive, innovative and reflective Societies (HORIZON 2020: REV-INEQUAL-10-2016: Multi-stakeholder
Platform for enhancing youth digital opportunities)” Call. Project WYRED (netWorked Youth Research for
Empowerment in the Digital society) (Grant agreement No 727066). The sole responsibility for the content of this
webpage lies with the authors. It does not necessarily reflect the opinion of the European Union. The European
Commission is not responsible for any use that may be made of the information contained therein.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.
References
1. Silvertown, J. A new dawn for citizen science. Trends Ecol. Evol. 2009, 24, 467–471. [CrossRef]
2. Dawson, D. Open science and crowd science: Selected sites and resources. Issues Sci. Technol. Librariansh.
2012, 69. [CrossRef]
3. Ferran-Ferrer, N. Volunteer participation in citizen science projects. El Prof. De La Inf. 2015, 24, 827–837.
[CrossRef]
4. Wiggins, A.; Crowston, K. Goals and Tasks: Two Typologies of Citizen Science Projects. In Proceedings
of the 2012 45th Hawaii International Conference on System Science, Maui, HI, USA, 4–7 January 2012;
pp. 3426–3435.
5. Kullenberg, C.; Kasperowski, D. What Is Citizen Science?—A Scientometric Meta-Analysis. PLoS ONE 2016,
11, e0147152. [CrossRef]
6. SOCIENTIZE Consortium. Green Paper on Citizen Science: Citizen Science for Europe Towards a Better Society of
Empowered Citizens and Enhanced Research; European Commission: Brussels, Belgium, 2013.
7. Cooper, C.B.; Dickinson, J.; Phillips, T.; Bonney, R. Citizen science as a tool for conservation in residential
ecosystems. Ecol. Soc. 2007, 12, 11. [CrossRef]
8. Bonney, R.; Shirk, J.L.; Phillips, T.B.; Wiggins, A.; Ballard, H.L.; Miller-Rushing, A.J.; Parrish, J.K. Next Steps
for Citizen Science. Science 2014, 343, 1436–1437. [CrossRef]
9. Shirk, J.L.; Ballard, H.L.; Wilderman, C.C.; Phillips, T.; Wiggins, A.; Jordan, R.; McCallie, E.; Minarchek, M.;
Lewenstein, B.V.; Krasny, M.E.; et al. Public Participation in Scientific Research: A Framework for Deliberate
Design. Ecol. Soc. 2012, 17, 29. [CrossRef]
10. Ottinger, G. Buckets of Resistance: Standards and the Effectiveness of Citizen Science. Sci. Technol. Hum.
Values 2010, 35, 244–270. [CrossRef]
11. Kullenberg, C. Citizen Science as Resistance: Crossing the Boundary Between Reference and Representation.
J. Resist Stud. 2015, 1, 50–76.
12. Fecher, B.; Friesike, S. Open Science: One Term, Five Schools of Thought. In Opening Science. The Evolving
Guide on How the Web is Changing Research, Collaboration and Scholarly; Bartling, S., Friesike, S., Eds.; Springer:
Berlin/Heidelberg, Germany, 2014; pp. 17–47.
13. Shneiderman, B. Science 2.0. Science 2008, 319, 1349–1350. [CrossRef]
14. Dickinson, J.L.; Shirk, J.; Bonter, D.; Bonney, R.; Crain, R.L.; Martin, J.; Phillips, T.; Purcell, K. The current
state of citizen science as a tool for ecological research and public engagement. Front. Ecol. Environ. 2012, 10,
291–297. [CrossRef]
15. Newman, G.; Wiggins, A.; Crall, A.; Graham, E.; Newman, S.; Crowston, K. The future of citizen science:
Emerging technologies and shifting paradigms. Front. Ecol. Environ. 2012, 10, 298–304. [CrossRef]
Sustainability 2020, 12, 1863 14 of 16
16. Levy, M.; Germonprez, M. The Potential for Citizen Science in Information Systems Research. Commun.
Assoc. Inf. Syst. 2017, 40, 22–39. [CrossRef]
17. Malmborg, L.; Light, A.; Fitzpatrick, G.; Bellotti, V.; Brereton, M. Designing for Sharing in Local Communities.
In Proceedings of the 33rd Annual ACM Conference Extended Abstracts on Human Factors in Computing Systems;
ACM: New York, NY, USA, 2015; pp. 2357–2360.
18. Wildschut, D. The need for citizen science in the transition to a sustainable peer-to-peer-society. Futures 2017,
91, 46–52. [CrossRef]
19. Franzoni, C.; Sauermann, H. Crowd Science: The Organization of Scientific Research in Open Collaborative
Projects (August 14, 2013). Res. Policy 2014, 43, 1–20. [CrossRef]
20. Follett, R.; Strezov, V. An Analysis of Citizen Science Based Research: Usage and Publication Patterns.
PLoS ONE 2015, 10, e0143687. [CrossRef]
21. Ballard, H.L.; Dixon, C.G.H.; Harris, E.M. Youth-focused citizen science: Examining the role of environmental
science learning and agency for conservation. Biol. Conserv. 2017, 208, 65–75. [CrossRef]
22. Goble, C.; Bye-Brookes, N. Health and Well-Being for Young People: Building Resilience and Empowerment;
Macmillan International Higher Education: London, UK, 2016.
23. France, A. Understanding Youth In Late Modernity; Open University Press: Maidenhead, UK, 2007.
24. European Union. Focus on: Empowering Young People to Participate in Society. European Good Practice Projects;
Publications Office of the European Union: Luxembourg, 2015.
25. Nancy, J. European Youth in 2016. Special Eurobarometer of the European Parliament; European Parliamentary
Research Service (EPRS): Brussels, Belgium, 2016.
26. García-Peñalvo, F.J.; Kearney, N.A. Networked youth research for empowerment in digital society:
The WYRED project. In Proceedings of the Fourth International Conference on Technological Ecosystems
for Enhancing Multiculturality (TEEM’16), Salamanca, Spain, 2–4 November 2016; García-Peñalvo, F.J., Ed.;
ACM: New York, NY, USA, 2016; pp. 3–9.
27. Oliveira, N.; Jun, E.; Reinecke, K. Citizen Science Opportunities in Volunteer-Based Online Experiments.
In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems; ACM: New York, NY, USA,
2017; pp. 6800–6812.
28. Siemens, G. Connectivism: Creating a Learning Ecology in Distributed Environments; Hug, T., Ed.; Waxmann
Verlag: New York, NY, USA, 2007; pp. 53–68.
29. Wiggins, A.; Crowston, K. From Conservation to Crowdsourcing: A Typology of Citizen Science.
In Proceedings of the 2011 44th Hawaii International Conference on System Sciences, Kauai, HI, USA, 4–7
January 2011; pp. 1–10.
30. Kelemen-Finan, J.; Knoll, C.; Proebstl-Haider, U. Citizen Science—Really Cool or Just Stupid? Lay monitoring
as contribution to the environmental education of young people. Nat. Und Landsch. 2013, 45, 171–176.
31. Kelemen-Finan, J.; Scheuch, M.; Winter, S. Contributions from citizen science to science education:
An examination of a biodiversity citizen science project with schools in Central Europe. Int. J. Sci. Educ.
2018, 40, 2078–2098. [CrossRef]
32. Ruiz-Mallén, I.; Riboli-Sasco, L.; Ribrault, C.; Heras, M.; Laguna, D.; Perié, L. Citizen Science:Toward
Transformative Learning. Sci. Commun. 2016, 38, 523–534. [CrossRef]
33. Soanes, K.; Cranney, K.; Dade, M.C.; Edwards, A.M.; Palavalli-Nettimi, R.; Doherty, T.S. How to work with
children and animals: A guide for school-based citizen science in wildlife research. Austral Ecol. 2020, 45,
3–14. [CrossRef]
34. Locritani, M.; Merlino, S.; Abbate, M. Assessing the citizen science approach as tool to increase awareness on
the marine litter problem. Mar. Pollut. Bull. 2019, 140, 320–329. [CrossRef] [PubMed]
35. Trajber, R.; Walker, C.; Marchezini, V.; Kraftl, P.; Olivato, D.; Hadfield-Hill, S.; Zara, C.; Fernandes Monteiro, S.
Promoting climate change transformation with young people in Brazil: Participatory action research through
a looping approach. Action Res. 2019, 17, 87–107. [CrossRef]
36. Saunders, M.E.; Roger, E.; Geary, W.L.; Meredith, F.; Welbourne, D.J.; Bako, A.; Canavan, E.; Herro, F.;
Herron, C.; Hung, O.; et al. Citizen science in schools: Engaging students in research on urban habitat for
pollinators. Austral Ecol. 2018, 43, 635–642. [CrossRef]
37. Frigerio, D.; Puehringer-Sturmayr, V.; Neuböck-Hubinger, B.; Gegendorfer, G.; Kotrschal, K.;
Hirschenhauser, K. Monitoring public awareness about the endangered northern bald ibis: A case study
involving primary school children as citizen scientists. PeerJ 2019, 7, e7569. [CrossRef] [PubMed]
Sustainability 2020, 12, 1863 15 of 16
38. Magnussen, R.; Hamann, V.L.; Stensgaard, A.G. Educating for co-Production of Community-Driven
Knowledge. Electron. J. E-Learn. 2019, 17, 222–233. [CrossRef]
39. Fonseca, D.; Conde, M.A.; García-Peñalvo, F.J. Improving the information society skills: Is knowledge
accessible for all? Univers. Access Inf. Soc. 2018, 17, 229–245. [CrossRef]
40. Hernández-García, A.; Conde, M.A. Dealing with complexity: Educational data and tools for learning
analytics. In Proceedings of the Second International Conference on Technological Ecosystems for Enhancing
Multiculturality (TEEM’14), Salamanca, Spain, 1–3 October 2014; García-Peñalvo, F.J., Ed.; ACM: New York,
NY, USA, 2014; pp. 263–268.
41. Llorens-Largo, F.; Molina, R.; Compañ, P.; Satorre, R. Technological Ecosystem for Open education. In Smart
Digital Futures 2014; Neves-Silva, R., Tsihrintzis, G.A., Uskov, V., Howlett, R.J., Jain, L.C., Eds.; IOS Press:
Tepper Drive Clifton, VA, USA, 2014; Volume 262, pp. 706–715.
42. Molina-Carmona, R.; Compañ-Rosique, P.; Satorre-Cuerda, R.; Villagrá-Arnedo, C.J.; Gallego-Durán, F.J.;
Llorens-Largo, F. Technological Ecosystem Maps for IT Governance: Application to a Higher Education
Institution. In Open Source Solutions for Knowledge Management and Technological Ecosystems; IGI Global:
Hershey, PA, USA, 2017; pp. 50–80.
43. Prieto, L.P.; Dillenbourg, P. The orchestration matrix: A tool to design heterogeneous classroom ecosystems.
In Proceedings of the Orchestrated Collaborative Classroom Workshop 2015; Dimitriadis, Y., Harrer, A., Prieto, L.P.,
Slotta, J.D., Milrad, M., Eds.; CEUR-WS: Gothenburg, Sweden, 2015; Volume 1411, pp. 20–24.
44. Rajeshwar, V. Software Engineering for Technological Ecosystems. In Open Source Solutions for Knowledge
Management and Technological Ecosystems; IGI Global: Hershey, PA, USA, 2017; pp. 175–194.
45. Jansen, S.; Finkelstein, A.; Brinkkemper, S. A Sense of Community: A Research Agenda for Software
Ecosystems. In Proceedings of the 31st International Conference on Software Engineering—Companion
Volume, Vancouver, BC, Canada, 16–24 May 2009; pp. 187–190.
46. Messerschmitt, D.G.; Szyperski, C. Software Ecosystem: Understanding an Indispensable Technology and Industry;
The MIT Press: Cambridge, MA, USA, 2005; Volume 1.
47. Vegendla, A.; Duc, A.N.; Gao, S.; Sindre, G. A Systematic Mapping Study on Requirements Engineering in
Software Ecosystems. J. Inf. Technol. Res. 2018, 11, 49–69. [CrossRef]
48. Booher, H.R. Introduction: Human Systems Integration. In Handbook of Human Systems Integration;
Booher, H.R., Ed.; John Wiley & Sons Inc.: Hoboken, NJ, USA, 2003; pp. 1–30.
49. Knodel, J.; Manikas, K. Towards a Typification of Software Ecosystems. In Software Business. ICSOB
2015. Lecture Notes in Business Information Processing; Fernandes, J., Machado, R., Wnuk, K., Eds.; Springer:
Berlin/Heidelberg, Germany, 2015; Volume 2010, pp. 60–65.
50. Mens, T.; Claes, M.; Grosjean, P.; Serebrenik, A. Studying evolving software ecosystems based on ecological
models. In Evolving Software Systems; Mens, T., Serebrenik, A., Cleve, A., Eds.; Springer: Berlin/Heidelberg,
Germany, 2014; pp. 297–326.
51. Mens, T.; Grosjean, P. The Ecology of Software Ecosystems. Computer 2015, 48, 85–87. [CrossRef]
52. Open Source Solutions for Knowledge Management and Technological Ecosystems; García-Peñalvo, F.J.;
García-Holgado, A. (Eds.) IGI Global: Hershey, PA, USA, 2017.
53. García-Holgado, A.; García-Peñalvo, F.J. Validation of the learning ecosystem metamodel using transformation
rules. Future Gener. Comput. Syst. 2019, 91, 300–310. [CrossRef]
54. López-Fernández, J.J.; Guerra, E.; de Lara, J. Assessing the Quality of Meta-models. In MoDeVVa; Boulanger, F.,
Famelis, M., Ratiu, D., Eds.; CEUR Workshop Proceedings: Valencia, Spain, 2014; Volume 1235, pp. 3–22.
55. Franco-Bedoya, O.; Ameller, D.; Costal, D.; Franch, X. Open source software ecosystems: A Systematic
mapping. Inf. Softw. Technol. 2017, 91, 160–185. [CrossRef]
56. García-Peñalvo, F.J.; Vázquez-Ingelmo, A.; García-Holgado, A.; Seoane Pardo, A.M. Analyzing the usability
of the WYRED Platform with undergraduate students to improve its features. Univers. Access Inf. Soc. 2019,
18, 455–468. [CrossRef]
57. Henry, C.; Kemmis, S. A point-by-point guide to action research for teachers. Aust. Adm. 1985, 6, 1–4.
58. WYRED Consortium. WYRED Research Cycle Infographic; WYRED Consortium: European Union, 2017.
59. WYRED Consortium. Participant Protection Policy; WP1_D1.4. V3; WYRED Consortium: European Union,
2016.
60. Crowe, S.; Cresswell, K.; Robertson, A.; Huby, G.; Avery, A.; Sheikh, A. The case study approach. BMC Med.
Res. Methodol. 2011, 11, 100. [CrossRef] [PubMed]
Sustainability 2020, 12, 1863 16 of 16
61. Coad, J.; Evans, R. Reflections on Practical Approaches to Involving Children and Young People in the Data
Analysis Process. Child. Soc. 2008, 22, 41–52. [CrossRef]
62. Thomas, N. Children and Young People’s Participation in Research. In International Perspectives and Empirical
Findings on Child Participation: From Social Exclusion to Child-Inclusive Policies; Gal, T., Duramy, B.F., Eds.;
Oxford University Press: New York, NY, USA, 2014; pp. 89–110.
63. Rodríguez-Conde, M.J.; García-Holgado, A.; Zangrando, A.; García-Peñalvo, F.J. Delphi study to identify
the young people priorities about digital society. In Proceedings of the 6th International Conference on
Technological Ecosystems for Enhancing Multiculturality (TEEM 2018), Salamanca, Spain, 24–26 October
2018; García-Peñalvo, F.J., Ed.; ACM: New York, NY, USA, 2018.
64. Bian, L.; Leslie, S.-J.; Cimpian, A. Gender stereotypes about intellectual ability emerge early and influence
children’s interests. Science 2017, 355, 389–391. [CrossRef]
65. Botello Hermosa, A.; Casado Mejía, R. Estereotipos de género con respecto a las etapas reproductivas de las
mujeres y sus implicaciones en la salud. Matronas Prof. 2016, 17, 130–136.
66. Wood, J.T. Gendered media: The Influence of Media on Views of Gender. In Gendered Lives: Communication,
Gender, and Culture; Wadsworth Publishing: Belmont, CA, USA, 1994; pp. 231–244.
67. Guimarães Pereira, Â.; Saltelli, A. Post-normal institutional identities: Quality assurance, reflexivity and
ethos of care. Futures 2017, 91, 53–61. [CrossRef]
68. Marchezini, V.; Trajber, R.; Olivato, D.; Muñoz, V.A.; de Oliveira Pereira, F.; Oliveira Luz, A.E. Participatory
Early Warning Systems: Youth, Citizen Science, and Intergenerational Dialogues on Disaster Risk Reduction
in Brazil. Int. J. Disaster Risk Sci. 2017, 8, 390–401. [CrossRef]
69. Senabre, E.; Ferran-Ferrer, N.; Perelló, J. Diseño participativo de experimentos de ciencia
ciudadana—Participatory design of citizen science experiments. Rev. Comun. 2018, 26, 29–38. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
